A study was conducted to evaluate feed intake, ADG, carcass quality, eating behavior, and blood metabolites in feedlot beef steers fed diets that varied in proportion of wheat dried distillers grains with solubles (DDGS) replacing barley grain or barley silage. Two hundred crossbred steers (BW = 489 ± 30 kg) were blocked by BW and randomly allotted to 20 pens (5 pens per treatment). Steers were fed 1 of 4 diets: control without DDGS (CON), 25% (25DDGS), 30% (30DDGS), or 35% (35DDGS) wheat DDGS (DM basis). The CON diet consisted of 15% barley silage and 85% barley-based concentrate; the 3 wheat DDGS diets were formulated by substituting 20% barley grain and 5, 10, or 15% silage, respectively, with 25, 30, or 35% wheat DDGS so that the 35DDGS diet contained no silage. The diets were formulated such that wheat DDGS was substituted for both barley grain and barley silage to evaluate whether wheat DDGS can be fed as a source of both energy and fiber in feedlot finishing diets. Dry matter intake of steers fed 25DDGS was greater (P < 0.01), but final BW, ADG, and G:F were not different compared with steers fed CON diet. Carcass characteristics and liver abscess score were not different between CON and 25DDGS. Steers fed 25DDGS had longer eating time (min/d; P < 0.01), greater meal frequency (P < 0.04), but a slower eating rate (P < 0.04). Replacing barley silage with increasing amounts of wheat DDGS (from 25DDGS to 35DDGS) linearly reduced (P < 0.01) DMI. Final BW, ADG, and G:F were not affected by increasing amounts of wheat DDGS. Carcass traits were not different, whereas liver abscess scores linearly (P < 0.01) increased as more barley silage was replaced by wheat DDGS. Eating time (min/d) and duration of each meal linearly (P < 0.02) decreased, whereas eating rate (min/g of DM) linearly (P < 0.01) increased with increasing replacement of barley silage. Blood urea N was doubled (P < 0.01) compared with CON by inclusion of wheat DDGS. Results indicate that wheat DDGS can be used effectively in feedlot diets, decreasing the need for barley grain or silage without negatively affecting growth performance and carcass characteristics. A reduction in the amount of roughage required to maintain growth performance is a potential advantage in feedlot operations because forage is costly and often of limited availability. Thus, DDGS can be a possible alternative as long as they are available and cost effective; however, increased incidence of liver abscess and increased N content of manure need to be considered when greater amounts of wheat DDGS are included in finishing diets.
greater meal frequency (P < 0.04), but a slower eating rate (P < 0.04). Replacing barley silage with increasing amounts of wheat DDGS (from 25DDGS to 35DDGS) linearly reduced (P < 0.01) DMI. Final BW, ADG, and G:F were not affected by increasing amounts of wheat DDGS. Carcass traits were not different, whereas liver abscess scores linearly (P < 0.01) increased as more barley silage was replaced by wheat DDGS. Eating time (min/d) and duration of each meal linearly (P < 0.02) decreased, whereas eating rate (min/g of DM) linearly (P < 0.01) increased with increasing replacement of barley silage. Blood urea N was doubled (P < 0.01) compared with CON by inclusion of wheat DDGS. Results indicate that wheat DDGS can be used effectively in feedlot diets, decreasing the need for barley grain or silage without negatively affecting growth performance and carcass characteristics. A reduction in the amount of roughage required to maintain growth performance is a potential advantage in feedlot operations because forage is costly and often of limited availability. Thus, DDGS can be a possible alternative as long as they are available and cost effective; however, increased incidence of liver abscess and increased N content of manure need to be considered when greater amounts of wheat DDGS are included in finishing diets.
INTRODUCTION
In western Canada, corn and wheat dried distillers grains with solubles (DDGS) have been commonly used as energy and protein sources in cattle diets. The nutritional characteristics and feeding value of corn DDGS have been well documented (Klopfenstein et al., 2008; Schingoethe et al., 2009 ). However, limited research has been conducted to determine the value of wheat DDGS in cattle diets. Results from recent studies showed that when wheat DDGS replaced 10 to 20% of barley grain in finishing cattle diets, the energy value of wheat DDGS was at least equal to that of barley (Beliveau and McKinnon, 2008; Gibb et al., 2008) . The essentially starch-free, but greater fiber, content of wheat DDGS was thought to possibly reduce subacute ruminal acidosis; consequently, feeding wheat DDGS may reduce the requirement for physically effective fiber (peNDF) and thus the need for roughage in feedlot cattle diets (Klopfenstein et al., 2008) . However, Walter et al. (2012) reported that substitution of up to 40% wheat DDGS for barley in a high-grain finishing diet did not mitigate ruminal pH conditions associated with mild to moderate acidosis, but there was no negative impact on ruminal acidosis or digestible energy intake. Li et al. (2011) recently found that entirely replacing roughage with wheat DDGS maintained similar ruminal pH status, reduced DMI, and improved digestibility compared with a diet containing minimal silage (i.e., 5% DM). Therefore, we hypothesize that feeding wheat DDGS to partially replace barley grain and partly or entirely replace silage in feedlot diets would not adversely affect cattle growth performance or feed efficiency, but may alter eating behavior. The objective of this study was to evaluate the effects of incorporating wheat DDGS in feedlot diets when used to partially replace barley grain and partially or entirely replace silage on growth performance, eating behavior, carcass qualities, and blood metabolites in feedlot cattle.
MATERIALS AND METHODS
The study received approval of the institutional Animal Care Committee of the Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta, and was conducted according to the guidelines of Canadian Council on Animal Care (1993).
Animals, Experimental Design, and Diets
A feedlot finishing trial was conducted using 200 crossbred yearling steers (BW = 489 ± 30 kg). Upon arrival at the Lethbridge Research Centre feedlot, steers were treated with Fremicon 7/Somnugen, IBR Express 5-PHM, and Ivomec (Pfizer Animal Health, Kirkland, Québec, Canada). Before the start of the study, steers were implanted with Component TE-S with Tylan (Tylan, Elanco Animal Health, Guelph, Ontario, Canada).
A total of 20 feedlot pens (17 m × 12.7 m; 10 steers per pen with 1.2 m bunk space per head) were used, 12 with standard feed bunks and 8 fitted with the GrowSafe system (GrowSafe Systems Ltd., Airdrie, Alberta, Canada). Pens were equipped with automatic waters and fenced with porosity fencing on 2 sides. The steers were blocked by BW and randomly assigned to pen. The steers housed in the GrowSafe system were tagged with Allflex (Allflex Canada, St-Hyacinthe, Canada) transponders, enabling eating behavior of individual steers including frequency and duration of visits to the feed bunk, eating rates, and individual feed intake.
Steers were fed 1 of 4 experimental diets: control without DDGS (CON), 25% (25DDGS), 30% (30DDGS), or 35% (35DDGS) wheat DDGS. The diets consisted of barley silage, concentrate (barley grain + supplement), and wheat DDGS in ratios of 15:85:0, 10:65:25, 5:65:30, and 0:65:35 (DM basis) , respectively, for CON, 25DDGS, 30DDGS, and 35DDGS (Table 1) . The diet formulations (treatments) were the same as used in our previous study (Li et al., 2011) , which focused on ruminal fermentation and total tract digestibility. The supplement contained a protein source, minerals, and vitamins in excess of the NRC (2000) nutrient requirements for beef cattle gaining 1.5 kg/d. The wheat DDGS was obtained from the same batch of fermentation (Terra Grain Fuels, Regina, Saskatchewan, Canada) for the whole study. The ration was prepared daily using a feed mixer (Data Ranger, American Calan Inc., Northwood, NH) and offered ad libitum with a daily minimum of 5 to 10% orts in each feed bunk. Steers were managed to achieve a target end-point of 650 kg of BW (unshrunk basis). Steers were adapted to experimental diets by gradually increasing the proportion of concentrate over a period of 4 wk before starting the experiment.
Diets, orts, and ingredients were sampled weekly, and analyzed for oven DM by drying at 55°C for 48 h. Diets were adjusted weekly if the DM content of barley silage deviated more than 3% from the average. Weekly samples were composited by period (21 d) and stored at −20°C. A 1-kg subsample from each diet composite was taken to determine peNDF content (Yang and Beauchemin, 2006) , and a 1-kg subsample from each diet composite was ground through a 1-mm screen (Wiley mill, standard model 4, Arthur H. Thomas, Philadelphia, PA) for chemical analysis.
Blood Samples and Eating Behavior
Blood samples were collected before feeding at 0900 h on wk 1, 6, and 12 by jugular venipuncture into one 10-mL vacuum tube containing Na heparin (Vacutainer, Becton Dickinson, Franklin Lakes, NJ). Samples were centrifuged (5,000 × g for 20 min at 4°C) within 20 min, and collected plasma was frozen at -20°C until analyzed. A subsample (1 mL) of the plasma was centrifuged at 16,000 × g for 2 min at 4°C (Spectrafuge 16M, National Labnet Co., Woodbridge, NJ) to remove fibrinogen, and the supernatant was analyzed for glucose and urea N using a dry chemistry analyzer (VetTest analyzer, model 8008, IDEXX Lab, Westbrook, ME).
Eating behavior was continuously measured throughout the entire feeding period using the GrowSafe system (GrowSafe Systems Ltd.). The data were characterized as frequency of daily visits, daily duration of total bunk attendance, individual animal feed consumption, eating rate (g of feed/min), and average duration of each visit. A meal was defined as a visit to the bunk followed by an absence of 300 s or greater. The amount of feed con-sumed during a visit was used to calculate meal size. GrowSafe data were summarized to report the number of meals per day, the duration of each meal, and the duration between meals (intermeal duration). Variation in DMI was reported as SD from the average daily DMI measured over the 7-d collection period. Eating rate for each meal was calculated by dividing the meal size by the meal duration, generating a relative comparison of eating rate among diets.
Growth Performance and Carcass Measurements
Steers were weighed every 21 d to monitor ADG over the duration of the experiment. Initial and final BW was determined by taking the mean BW of the steers before feeding on 2 consecutive days at the beginning of the experiment and just before shipment of the steers to the abattoir. Steer weights were reported as shrunk weight by multiplying BW by a correction factor of 0.96 to account for gut fill. Feed delivery to each pen was recorded daily, and orts were collected weekly to determine DMI as the difference between dietary DM offered and orts DM collected. Average daily gain was calculated by dividing the shrunk BW gained (final BW minus initial BW) by the number of days on feed. Feed efficiency was calculated by dividing ADG by DMI. Intake, daily BW gain, and feed efficiency were determined within each weigh period and the entire trial.
Net energy of the diets was determined as described by Zinn et al. (2002) and Gibb et al. (2008) . The NE g for each diet was determined using the formula of retained energy for large-framed yearling steers (NRC, 1984) : Composition (DM basis) wheat dried distillers grains with solubles (DDGS) was 94.1% OM, 38.1% CP, 18.6% NDIN (% N), 32.9% NDF, 14.0% ADF, 3.7% ether extract, 1.8% starch, 0.11% Ca, 0.93% P, and 1.02% S based on 4 samples composited by feeding period. peNDF was determined by multiplying dietary NDF content by the proportion of the DM retained on the 19-and 8-mm sieves of a Penn State Particle Separator (Lammers et al., 1996) . All steers were slaughtered commercially at the end of the finishing period. Hot carcass weights (with kidneys removed), dressing percentage, backfat thickness, LM area, salable meat yield, and quality grade were determined by qualified graders. Dressing percentages were calculated individually as HCW divided by final BW × 100. Marbling score was estimated according to pictorial standards from 1 (devoid) to 10 (abundant marbling). Salable meat yield was estimated with consideration for the length, width, and fat cover of the rib eye muscle between the 11th and 12th rib, as [estimated lean yield = 57.96 -0.027(carcass) + 0.202(LM area) -0.703(backfat thickness)]. Liver abscess scores were determined based on the ranking scale used by the Canadian Beef Grading Agency.
Chemical Analysis
Chemical analyses were performed on each sample in duplicate, and when the CV for the replicate analysis was more than 5%, the analysis was repeated. Analytical DM was determined by oven drying at 135°C for 2 h (AOAC, 1995; method 930.15). Ash content was determined by combustion at 550°C for 5 h, and OM content was calculated as the difference between 100 and the percentage of ash (AOAC, 1995; method 942.05). The NDF was determined as described by Van Soest et al. (1991) using heat-stable α-amylase (Termamyl 120 L, Novo Nordisk Biochem, Franklinton, NC) without sodium sulfite. The ADF was determined according to AOAC (1995; method 973.18 ). The NDF and ADF values are expressed inclusive of residual ash. For the determination of starch and CP (N × 6.25), samples were further ground with a ball mill (mixer mill MM200, Retsch, Haan, Germany) to a fine powder. Starch was determined using an enzymatic method as described by Rode et al. (1999) . Starch in the samples was gelatinized with sodium hydroxide, and hydrolyzed to glucose using amylase. Free glucose was then reacted with glucose oxidase/peroxidase (No. P7119, Sigma, St. Louis, MO) and dianisidine dihydrochloride, and absorbance was measured using a plate reader (SpectraMax 190, Molecular Devices Corp., Sunnyvale, CA). Total N was analyzed using flash combustion (Carlo Erba Instruments, Milan, Italy). Samples were extracted using diethyl ether, and the ether extract (EE) concentration was determined using a BÜCHI Extraction unit (unit E-816, Büchi Labortechnik AG, Flawil, Switzerland) according to the AOAC official method (2003.06).
Statistical Analysis
Data were analyzed as a completely randomized design with a factorial treatment structure using the MIXED procedure (SAS Inst. Inc., Cary, NC). Days on feed (block), treatment, and their interaction were considered as fixed effects, and pen was used as the experimental unit for DMI, ADG, G:F, and carcass quality. Days on feed was removed because there was no interaction between days on feed and treatment. Individual animals served as the unit of analysis for eating behavior and blood metabolite data. Contrasts were generated to compare the 25DDGS diet with CON. The effect of increasing quantities of wheat DDGS in the diet was examined through linear and quadratic orthogonal contrasts using the CONTRAST statement of SAS. A χ 2 analysis was used to analyze for differences in quality grade and liver scores among steers on different diets. Differences were declared significant at P < 0.05. Trends were discussed at 0.05 < P ≤ 0.10 unless otherwise stated.
RESULTS

Feed Intakes and Growth Performance
Intakes of DM, OM, NDF, and CP were greater (P < 0.01), but intake of starch was less (P < 0.01) with 25DDGS than with CON (Table 2) . Substituting wheat DDGS for barley silage linearly (P < 0.01) decreased intakes of DM and other nutrients except for that of CP.
Steers fed 25DDGS diet had no differences in final BW, ADG, and G:F compared with steers fed CON diet (Table 2) . Further increasing substitution of wheat DDGS for barley silage did not affect the final BW, ADG, and G:F. However, the dietary NE g value was less (P < 0.02) for 25DDGS than for CON, and linearly (P < 0.01) increased with increasing substitution of wheat DDGS for barley silage.
Carcass Characteristics and Blood Measurements
Carcass traits were not different between 25DDGS and CON except that dressing percentage tended (P < 0.10) to be greater and LM area tended (P < 0.10) to be less for 25DDGS than for the CON diet (Table 3) . The carcass traits were not affected by increasing the substitution of wheat DDGS for barley silage in the diets. Steers fed 25DDGS had no differences in abscessed and severely abscessed livers compared with those fed the CON diet, whereas increasing substitution of wheat DDGS for barley silage linearly (P < 0.01) increased abscessed livers and numerically (P < 0.11) increased severely abscessed livers.
Concentrations of plasma glucose were not different among the diets (Table 4) . However, blood urea N (BUN) in steers fed 25DDGS was double (P < 0.01) that of steers fed CON. Increasing substitution of wheat DDGS for barley silage linearly (P < 0.05) increased the concentration of BUN. Blood urea N was consistently greater (P < 0.01) with 25DDGS than with the CON diet during feeding wk 1, 6, and 12, whereas there was a linear (P < 0.01) increase of BUN only in wk 6
and not in wk 1 and 12 with increasing substitution of wheat DDGS for barley silage. Additionally, the BUN linearly (P < 0.01) increased over the feeding period regardless of the diets being fed.
Eating Behavior
Intakes of DM followed a similar pattern to the results with pen as experimental unit; the DMI was greater (P < 0.05) for 25DDGS than for CON diet (Table  5) . Steers fed the 25DDGS diet had longer (P < 0.01) eating time and more meals (P < 0.04), but a slower eating rate (g/min; P < 0.04) and shorter (P < 0.03) meal interval. With increasing substitution of wheat DDGS for barley silage, steers tended to linearly (P < 0.10) decrease DMI, linearly (P < 0.03) reduce eating time, and linearly (P < 0.02) reduce meal duration, but eating rate linearly (P < 0.01) increased and meal 2 CON vs. 25DDGS (contrast) = effect of replacing 20% barley grain and 5% barley silage with wheat DDGS; linear, quadratic = linear or quadratic effect of replacing barley silage with additional wheat DDGS (25DDGS, 30DDGS, and 35DDGS).
3 Dressing percentages were calculated individually as HCW divided by final BW × 100. 4 Marbling score was estimated according to pictorial standards from 1 (devoid) to 10 (abundant marbling; USDA, 1989). 5 Scores: 1 = Canada grade A (approximately equivalent to USDA Standard); 2 = AA (approximately equivalent to USDA Select); and 3 = AAA (approximately equivalent to USDA Choice). 6 From χ 2 analysis.
number tended to linearly (P < 0.08) increase. Variation in DMI was estimated because the SD of DMI was not different among the treatments.
DISCUSSION
Nutrient Composition of Feeds
Nutrient content of wheat DDGS typically ranges from 37.2 to 45.8% for CP, 23.7 to 54.1% for NDF, 11 to 19.5% for ADF, 3.9 to 6.2% for EE, 4 to 56% for NDIN (% N), and 5 to 28% for ADIN (% N; Beliveau and McKinnon, 2008; Gibb et al., 2008; Nuez-Ortín and Yu, 2009; Li et al., 2011) . Thus, NDF, NDIN, and ADIN contents are highly variable, whereas CP and EE contents have a relatively narrow variation. The wheat DDGS used in our study had a CP content similar to the 38.6% reported by McKinnon and Walker (2008) and a NDF content close to the 29% reported by Gibb et al. (2008) . However, the CP (46%; Gibb et al., 2008) and NDF (54%; McKinnon and Walker, 2008) content of the wheat DDGS in those studies were much greater than the wheat DDGS used in the present study. Additionally, although the wheat DDGS used in our previous study (Li et al., 2011 ) and in the current study were from the same plant but a different batch, the contents of CP and NDF were considerably different (44.3 and 23.7%, respectively, for CP and NDF). It seems that chemical composition of wheat DDGS can vary substantially between and within plants, indicating the importance of determining the nutrient content of wheat DDGS before incorporating it into diets.
The substantial changes of dietary composition that resulted from partial substitution of wheat DDGS for barley grain and barley silage were increased CP (+6.5 percentage units) and decreased starch (−11.4 percentage units) contents as a result of greater CP content and minimal starch content of wheat DDGS. Differ- A meal was defined as a visit to the bunk followed by an absence of 300 s or greater. ences in NDF, peNDF, P, and S between CON and 25DDGS were quantitatively less.
Feed Intakes and Growth Performance
Substituting Grain and Silage (CON vs. 25DDGS). The increase in DMI that occurred by partly replacing barley grain and silage with wheat DDGS is in agreement with some reports. Gibb et al. (2008) reported a linear increase in DMI as replacement of barley grain with wheat DDGS increased to 60% of diet DM. Wierenga et al. (2010) observed a tendency of greater DMI when 20% triticale DDGS replaced barley grain in a finishing diet; the CP (37%) and NDF (33%) contents in the triticale DDGS were similar to the wheat DDGS used in this study. However, in other studies, DMI of finishing cattle was not affected by increasing wheat DDGS from 0, 20, to 40% of dietary DM (Walter et al., 2010) or from 0, 7, 14, to 21% of dietary DM (Beliveau and McKinnon, 2009) . Gibb et al. (2008) suggested that increased DMI was a compensatory response to decreased DM digestibility with increasing wheat DDGS; the digestibility of DM in the total digestive tract was reduced by 9% when 60% barley grain was replaced by wheat DDGS. Similarly, Li et al. (2011) used the same diet formulation as used in the present study, and showed numerically (P < 0.15) greater DMI (+0.53 kg/d) but less (P < 0.02) DM digestibility (−1.5 percentage units) in heifers fed 25DDGS than those fed CON. The DMI of finishing diets varies with NDF (Galyean and Defoor, 2003) and energy (NE g ) content of the diet (NRC, 2000) . Differences in NDF contents of the CON and 25DDGS were small and not likely to have affected DMI. Energy content also did not likely influence DMI as several studies have shown that the NE g content of wheat DDGS is similar to that of barley grain for finishing diets containing 20% (Gibb et al., 2008) or 23% (Beliveau and McKinnon, 2008) wheat DDGS.
The lack of treatment effects on ADG confirms our suggestion that digestibility of feeds was reduced with partial substitution of wheat DDGS for barley grain and barley silage. Similar ADG with greater DMI is consistent with the numerical reduction of G:F and less NE g for steers fed 25DDGS than for those fed CON diets. Our results for ADG and G:F are in agreement with Beliveau and McKinnon (2008) , who reported no differences in ADG and G:F for finishing cattle fed wheat DDGS included at up to 23% of diet DM. Similarly, our results confirm those of Gibb et al. (2008) and Walter et al. (2010) , who reported no effect on ADG and G:F of finishing beef cattle when barley grain was replaced with up to 20 and 40% wheat DDGS, respectively. The reduction of NE g by feeding 25DDGS compared with feeding CON might have been due to less digestibility of wheat DDGS compared with barley and increased energetic costs of N excretion. The N content of the diet was 52% greater with 25DDGS, which greatly exceeded the N requirement of finishing beef cattle.
Substitution of DDGS for Barley Silage. The linear decrease in DMI with increased substitution of wheat DDGS for barley silage is consistent with the previous findings for replacement of barley silage either with wheat DDGS (Li et al., 2011) or triticale DDGS (Wierenga et al., 2010) . Decreased DMI might have resulted from linearly increased energy density (NRC, 2000) caused by decreased NDF content (Galyean and Defoor, 2003) with the replacement of silage with wheat DDGS. Furthermore, cattle experiencing subacute ruminal acidosis often exhibit decreased DMI (Schwartzkopf-Genswein et al., 2003) . Several studies report a decrease in ruminal pH with replacement of barley silage with wheat DDGS (Li et al., 2011) or triticale DDGS (Wierenga et al., 2010) . Therefore, decreased DMI may have resulted from a possible decline in ruminal pH of cattle because ruminal fermentability would have increased and the peNDF decreased with increasing replacement of silage with wheat DDGS.
Contrary to the previous metabolism study (Li et al., 2011) in which DMI of steers fed 35% DDGS was 1 kg/d less than for steers fed CON diet, in the present study, DMI was not different between CON and 35DDGS. In a similarly designed feedlot study that used triticale DDGS, DMI was not affected but ruminal pH declined with substitution of DDGS for barley silage. Collectively these results suggest that steers adapt well to a roughage-free diet without an adverse effect on feed intake or growth performance. However, this adaptation effect may not be observed when the experimental period is short (21 d; Li et al., 2011) .
Similar ADG and G:F with replacement of barley silage by wheat DDGS is consistent with other reports either for replacing barley silage with triticale DDGS (Wierenga et al., 2010) or for replacing barley grain with wheat DDGS (Beliveau and McKinnon, 2008; Gibb et al., 2008; Walter et al., 2010) . However, Parsons et al. (2007) reported a linear (P < 0.01) decrease of ADG without affecting G:F with decreasing alfalfa hay from 9 to 4.5 to 0% in corn-and wet corn glutenbased finishing diets. Furthermore, several early studies Loerch and Fluharty, 1998) showed generally reduced ADG and improved feed efficiency in finishing beef cattle with corn grain replacing the entire roughage portion. The discrepancy among the studies could be due to type of grain (barley vs. corn) used in diets, grain source (corn vs. DDGS) used to replace roughage, or type of roughage fed (barley silage vs. corn silage or alfalfa hay). Linearly increased NE g with replacing barley silage with wheat DDGS was likely attributed to the linearly increased DM digestibility observed by Li et al. (2011) . Additionally, increased NE g might have resulted from a glucogenic ruminal fermentation pattern with replacement of barley silage with wheat DDGS. The ratio of acetate to propionate lin-early decreased with increasing substitution of triticale DDGS (Wierenga et al., 2010) or wheat DDGS (Li et al., 2011) for barley silage.
Carcass Characteristics and Blood Measurements
Feeding wheat DDGS to replace a portion of barley grain and barley silage in finishing beef cattle rations had overall no impacts on carcass traits. The results are in agreement with the findings from recent studies using wheat DDGS to partially replace barley grain (Beliveau and McKinnon, 2008; Gibb et al., 2008; Walter et al., 2010) and using triticale DDGS to replace either barley grain or barley silage (Wierenga et al., 2010) . The tendency of greater dressing percentage for steers fed 25DDGS than for those fed CON is consistent with Walter et al. (2010) , who reported that dressing percentage linearly increased with inclusion of wheat DDGS up to 40%, whereas no effect on dressing percentage was reported in other studies using wheat DDGS (Beliveau and McKinnon, 2008; Gibb et al., 2008) . Similarly, several studies (Depenbusch et al., 2009; May et al., 2010) using corn DDGS reported no differences in dressing percentages regardless of DDGS inclusion, although a quadratic response of carcass weight was observed (Depenbusch et al., 2009 ). It appears that there is no clear conclusion on the response of dressing percentages to incorporation of DDGS in feedlot finishing diets. The trend of reduction in LM area with feeding 25DDGS compared with feeding CON is also not easily explained because the final BW and carcass weight were not different between the 2 diets. This result is consistent with reports using triticale DDGS (Wierenga et al., 2010) and corn DDGS (May et al., 2010) .
The lack of carcass response to replacing barley silage with wheat DDGS is in agreement with Wierenga et al. (2010) using triticale DDGS to replace barley silage in finishing diet, but contrasted to other findings. Parsons et al. (2007) reported a linear decrease in HCW (P < 0.03) and LM area (P < 0.10) with quadratic (P < 0.05) decrease in dressing percentage for decreasing alfalfa hay inclusion in corn-and wet corn gluten-based finishing diet. Wierenga et al. (2010) suggested that the lack of carcass response to substitution of triticale DDGS for barley silage in their study was attributed to similar ADG. In the present study, replacing barley silage with wheat DDGS linearly decreased DMI, whereas final BW, ADG and carcass weight were not affected.
The linear increase of BUN with time on feed was likely due to a decrease in the protein requirements and an increase in DMI and CP intake (data not shown) with time on feed. Substantially greater BUN of steers fed wheat DDGS was expected because dietary N content was greater and largely exceeded the N requirement by finishing cattle. Increased absorption of ruminal NH 3 -N and decreased protein requirements contributed to the greater BUN. Wierenga et al. (2010) reported an increase of BUN by 52, 78, and 80%, respectively, for including 20, 25, and 30% of triticale DDGS compared with the control diet without DDGS. Walter et al. (2012) found an increase of urinary N excretion by 50 and 86%, respectively, for inclusion of 20 and 40% wheat DDGS in a finishing diet. Further, Brake et al. (2010) reported a greater urea excretion in urine and feces with numerically greater BUN for corn DDGS than for the control diet fed to steers. They also indicated that the urinary urea N excretion appears to be more responsive to changes in BUN in cattle than in sheep.
Effects of Wheat DDGS on Liver Abscesses
Incidence of liver abscesses is common in intensively fed beef cattle in North America and averages from 12 to 32% (Brink et al., 1990) . Prevalence of liver abscesses is thought to be associated with feeding high-grain diets (Nagaraja and Chengappa, 1998) . Recent studies with feeding DDGS to feedlot cattle have shown no major effects on incidence of liver abscesses for diets containing 25% corn DDGS (May et al., 2010; Uwituze et al., 2010) or 23% (Beliveau and McKinnon, 2008) to 60% (Gibb et al., 2008) wheat DDGS. In those studies with feeding corn DDGS, the liver abscess preventative tylosin was included in the diet, whereas a dietary antimicrobial was not included in the studies of Beliveau and McKinnon (2008) and Gibb et al. (2008) , indicating that inclusion wheat DDGS in the finishing diet did not have an impact on the incidence of liver abscesses. The findings from the literature are consistent with the present result of no difference in liver abscess score between CON and 25DDGS, but contrast with the results when only silage was replaced with wheat DDGS. The linearly increased abscessed livers or numerically increased severely abscessed livers likely resulted from a linear decline in ruminal pH as observed previously (Li et al., 2011) . Ruminal acidosis has been reported to be associated with liver abscesses (Kleen et al., 2003) because ruminal lesions caused by acidosis are generally accepted as the predisposing factors for liver abscesses (Nagaraja and Chengappa, 1998) .
Eating Behavior
Variation in daily DMI has been reported to be negatively correlated with G:F (Stock et al., 1995) and growth performance (Cooper et al., 1999) . In the present study, the similar variation of daily DMI among the treatments is consistent with the results of no differences in ADG and G:F. As feeding time progressed, the steers adapted to the high-grain diet with minimal variation in DMI.
When comparing 25DDGS with CON, the longer eating time (min/d) of the cattle fed 25DDGS corresponded with their greater DMI and slower eating rate.
Those steers required longer eating time to consume the additional feed. However, their slower eating rate was not expected because the particle size of 25DDGS was smaller than CON. The linearly increased eating rate as more wheat DDGS replaced barley silage could be due to a decrease in particle size of the diet (Allen, 1997) . Furthermore, greater meal frequency for steers fed 35DDGS than for steers fed other diets may have been a response to a decrease in ruminal pH associated with a roughage-free diet. Increasing meal frequency would help the animals avoid the large postprandial decline in rumen pH. The linearly decreased meal duration with increasing the substitution of wheat DDGS for barley silage is in agreement with the observation of Wierenga et al. (2010) and is consistent with the smaller particle size of wheat DDGS compared with barley silage.
In conclusion, reducing starch and peNDF content of barley-based feedlot finishing diets by substituting a portion of the temper-rolled barley (20%) and barley silage (5%) with wheat DDGS increased DMI, but did not alter ADG, consequently NE g of diets decreased. However, further reducing dietary silage from 10 to 5 to 0% by adding wheat DDGS linearly decreased DMI without adversely affecting ADG or feed efficiency, thereby improving NE g of diets.
Therefore, wheat DDGS can be used effectively in feedlot diets, decreasing the need for barley grain or silage without negatively affecting feedlot growth performance and carcass characteristics. The reduced roughage required to maintain growth performance by cattle consuming feedlot finishing diets is a potential advantage given the high cost and limited availability of forage. In contrast, increased management for liver abscess control may be required when feeding wheat DDGS with minimal silage or silage-free to feedlot cattle. Finally, steers fed wheat DDGS have greater BUN, an indication of greater N excretion, a factor that needs to be considered for manure management.
